While cognitive and emotional systems both undergo development during adolescence, few studies have explored top-down inhibitory control brain activity in the context of affective processing, critical to informing adolescent psychopathology. In this study, we used functional magnetic resonance imaging to examine brain response during an Emotional Conflict (EmC) Task across 10-15-year-old youth. During the EmC Task, participants indicated the emotion of facial expressions, while disregarding emotion-congruent and incongruent words printed across the faces. We examined the relationships of age, sex, and gonadal hormones with brain activity on Incongruent vs. Congruent trials. Age was negatively associated with middle frontal gyrus activity, controlling for performance and movement confounds. Sex differences were present in occipital and parietal cortices, and were driven by activation in females, and deactivation in males to Congruent trials. Testosterone was negatively related with frontal and striatal brain response in males, and cerebellar and precuneus response in females. Estradiol was negatively related with fronto-cerebellar, cingulate, and precuneus brain activity in males, and positively related with occipital response in females. To our knowledge, this is the first study reporting the effects of age, sex, and sex steroids during an emotion-cognition task in adolescents. Further research is needed to examine longitudinal development of emotion-cognition interactions and deviations in psychiatric disorders in adolescence.
Introduction
Adolescence represents a period of emotional, cognitive, pubertal, psychological, and social maturation. Despite improvements in cognitive and emotional functioning (Durand, Gallay, Seigneuric, Robichon, & Baudouin, 2007; Luna et al., 2001; Tottenham, Hare, & Casey, 2011) , this developmental stage has often been characterized as a time of increased vulnerability for the emergence of psychopathology (Dahl & Gunnar, 2009; Ernst & Korelitz, 2009) . One prominent theory for this vulnerability is heightened emotional reactivity during adolescence in the face of less mature cognitive control (Dahl, 2004) . As a result, neuroimaging studies of adolescent brain development have aimed to understand the neurobiological underpinnings of adolescent emotional and cognitive maturation. Magnetic resonance imaging (MRI) has revealed changes in brain maturation over the course of adolescence, suggesting that brain regions subserving affective and cognitive functions mature at different rates (Mills, Goddings, Clasen, Giedd, & Blakemore, 2014; Sowell, Thompson, Holmes, Jernigan, & Toga, 1999; Sowell, Trauner, Gamst, & Jernigan, 2002) . In addition to regionally specific developmental timecourses for subcortical and cortical brain structures (Dennison et al., 2013; Giedd et al., 1999; Gogtay et al., 2004; Mills et al., 2014; Ostby et al., 2009; Sowell, Thompson, Tessner, & Toga, 2001; Sowell et al., 1999 Sowell et al., , 2002 , it is proposed that the maturation of affective brain regions occurs prior to that of cognitive control regions, resulting in an imbalance between ''hot'' and ''cold'' neurocognitive processes during adolescence (Dahl, 2001 (Dahl, , 2004 Ladouceur, 2012; Mueller, 2011) , and a recent longitudinal study supports this theory (Mills et al., 2014) . Thus, the earlier maturational trajectory of subcortical brain regions that subserve bottom-up emotional processing relative to the later trajectory of cortical regions involved in top-down higher order cognitive control may explain some of the vulnerability for the emergence of psychiatric disorders during adolescence. 
